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Description 



[Designing Scan Chains With Specific 
Parameter Sensitivities to Identify 
Process Defects] 

Background of Invention 
[0001] Field of the Invention 

[0002] The present invention relates generally to a method for 
designing scan chains in an integrated circuit chip with 
specific parameter sensitivities to identify fabrication pro- 
cess defects causing test fails and chip yield loss. The 
subject invention biases the composition of the integrated 
circuit chip scan paths to allow them to also function as 
on-product process monitors, and adds grouping con- 
straints that bias scan chains to have common latch cell 
usage where possible, and also biases inter-cell routing to 
constrain scan chain routing to given restricted metal lay- 
ers for interconnects. The grouping of structures with 
similar process sensitivities into a scan chain allows scan 



chain fails during test to be more easily correlated back to 
a subset of fabrication process steps and related root 
causes. 

[0003] Discussion of the Prior Art 

[0004] The semiconductor industry places a premium on the 

ability of new technologies to increase yields of semicon- 
ductor chips. Test and yield-enhancing methodologies 
that improve the yield of semiconductor chips are highly 
prized. One such methodology for yield characterization is 
the analysis of scan chain yield on specific chip products. 

[0005] The present state of the art of designing scan chains is 
based primarily upon spatial considerations and scan 
chain length (e.g. 10,000 latches in a scan chain), which is 
the number of latches in a scan chain. In the current state 
of the art, scan chain design is not systematically coupled 
with fabrication process sensitivities. On occasion, a sys- 
tematic failure of a scan chain design has been discovered 
to be dominated by a particular fabrication process fea- 
ture or level, which provided insight into a systematic 
problem in the fabrication process. In the current state of 
the art, scan chain sensitivity to a specific process level is 
neither planned nor understood prior to test, but rather 
results from a post production analysis of yield data and 



scan chain design for a particular cliip design. 
Summary of Invention 

[0006] The present invention provides a scan cliain design and 

test metliodology tliat simultaneously provides for desired 
test coverage, and provides information on the state of 
specific process levels by instituting an intelligent design 
methodology that enables an analysis of the yield infor- 
mation on the scan chains. 

[0007] The present invention biases the composition of inte- 
grated circuit chip scan paths to allow them to also func- 
tion as on-product process monitors. In the current state 
of the art, latches are assembled into scan chains based 
primarily upon their proximity and also upon functional 
output net routing in order to improve routability. The re- 
sult is that there is no intentional correlation of scan chain 
content with regard to type of cell or device or with regard 
to layer usage for interconnects. 

[0008] The present invention can also design subsets of scan 
chains to have common latch cell usage where possible, 
and/or also bias cell routing to constrain subsets of scan 
chains to given restricted metal layers for interconnects. 
The subsets of scan chains should provide useful diag- 
nostic information even if only one half of the scan chains 



are designed pursuant to the present invention. However, 
some ciiip designs liave scan cliains tliat would not lend 
themselves to this approach. 

[0009] The present invention pertains to the design of scan chain 
paths, which is separate from latch circuit design, and can 
provide useful diagnostic information even if only the in- 
terconnects of scan paths are designed pursuant to the 
present invention. 

[0010] jhe present invention adds additional grouping con- 
straints that bias scan chains to have common latch cell 
usage where possible, and/or also bias cell routing to 
constrain scan chain routing to given restricted metal lay- 
ers for interconnects. The grouping of structures with 
similar process sensitivities into a scan chain allows scan 
chain fails during test to be more easily correlated back to 
a subset of fabrication process steps and related root 
causes. 

[0011] The present invention increases the available diagnostic 
information that can be derived from scan fails during a 
scan chain test, and improves process defect monitoring 
by using actual product chips and wafers. Information 
gathered from scan chain tests when the scan chains are 
designed in this manner is more representative of actual 



product sensitivities tlian measurements made using Icerf 
monitors, wliicli are test structures formed on cliips and 
wafers tliat are used for process and quality control in the 
prior art. The approach of the present invention adds 
more critical area for defect monitoring and can comple- 
ment kerf structures. The critical areas on a chip may 
contain structures that are not available in the kerf or 
would not be affordable in the kerf. Circuit limited yield 
and process interactions with physical design elements 
are often not invisioned before they affect yield. The ap- 
proach of the present invention may also require a lesser 
number of kerf structures on chips and wafers, thus re- 
sulting in less area on chips and wafers being required to 
provide for the kerf structures. 
[0012] It js advantageous to have such integrated structures as 
they are available for testing after the wafers are diced, 
and as such can be used to diagnose module final test 
problems, field returns, module level reliability issues, 
etc., which is not the case for kerf monitors. 
Brief Description of Drawings 

[0013] The foregoing objects and advantages of the present in- 
vention may be more readily understood by one skilled in 
the art with reference being had to the following detailed 



description of several embodiments thereof, tal<en in con- 
junction with the accompanying drawings wherein lilce el- 
ements are designated by identical reference numerals 
throughout the several views, and in which: 

[0014] Figure 1 illustrates typical scan chains in the current state 
of the art as being composed of a mixture of cell/latch 
usage and metal interconnect layer usage. 

[0015] Figure 2 illustrates a different set of scan chains for the 

same latch set of Figure 1, which are designed to improve 
diagnosability by forming scan path chains of latches of 
similar types. 

[0016] Figure 3 illustrates a scan chain having a latch content 
optimized cell content, with a latch specific defect, and 
shows defective latches due to contact under-etching in 
scan path 3. 

[0017] Figure 4 illustrates scan paths using restricted wiring lay- 
ers and shows a biasing scheme which attempts to restrict 
the wiring layers used on each scan path. 

[0018] Figure 5 illustrates scan paths having the same restricted 
wiring layer content as the scan paths of Figure 4, with 
wiring layer defects in scan paths 1, 2 and 3 in respective 
metal layer M2, metal layer Ml and metal layer M3. 
Detailed Description 



[0019] In the current state of the art, latches are wired together 
into scan chains to facilitate LSSD (level sensitive scan de- 
sign) or other scan based testing. Latches in a design are 
gathered together to form scan chains based primarily 
upon physical design characteristics such as physical lo- 
cality, voltage island affinity (the circuitry and components 
on a chip are frequently operated at several different volt- 
age levels, and the various circuitry and components re- 
quired to operate at a particular voltage level are fre- 
quently grouped together in one area of the chip), and 
scan chain length constraints. 

[0020] Figure 1 illustrates typical scan chains in the current state 
of the art as being composed of a mixture of cell/latch 
usage and layer usage. Scan chain/path 1 includes, pro- 
ceeding from left to right, metal layer M4, latch type 1, 
metal layer M4, latch type 1, metal layer M3, latch type 2, 
metal layer Ml, latch type 2, metal layer M4, latch type 2, 
metal layer M3, latch type 3, and metal layer M4. Scan 
chain/path 2 includes, proceeding from left to right, metal 
layer M4, latch type 2, metal layer Ml, latch type 2, metal 
layer M4, latch type 1, metal layer M3, latch type 1, metal 
layer M3, latch type 3, metal layer M4, latch type 3, and 
metal layer M4. Scan chain/path 3 includes, proceeding 



from left to right, metal layer M4, latch type 2, metal layer 
M3, latch type 2, metal layer M4, latch type 3, metal layer 
Ml, latch type 3, metal layer M3, latch type 1, metal layer 
M4, latch type 1, and metal layer M4. Accordingly, the 
typical scan paths 1, 2 and 3 are composed of a mixture 
of cell/latch usage and layer usage. 

[0021] The present invention augments this simple locality based 
clustering by adding a bias towards grouping structures 
with similar fabrication process sensitivities. This includes 
the choice of which latch cells are included in which scan 
chains as well as the choice of layers used to route the 
latch cells together. 

[0022] Consider the idea of biasing scan chain composition by 
cell/latch type content. Different types of latches used in 
an ASIC library may have different sensitivities to process 
variations due to their specific layout. For example, a par- 
ticular latch may have a specific sensitivity to contact un- 
der-etching due to a lack of redundant contacts. If a scan 
chain is created entirely from that particular type of latch, 
the resulting scan chain has a proclivity to contact under- 
etching due to the predisposition of that particular type of 
latch. If that scan path fails during test, contact under- 
etching would be a likely cause. By correlating this infor- 



mation with fail data from otiier scan cliains, a diagnosis 
can be refined tliat points to tlie root cause, and can be 
used to guide failure analysis. For example, where specific 
scan chain fails point to a problem with a latch, additional 
scan chain fault isolation (diagnostics) can be performed 
to isolate the specific location of the defect causing the 
fail (which latch(es) are responsible for the scan chain fail- 
ing). 

[0023] Figure 2 illustrates a different chaining of the latch set of 
Figure 1 to improve diagnosability. In Figure 2, the chain- 
ing of the scan paths groups latches of similar types. Scan 
chain/path 1 includes six type 1 latches. Scan chain/path 
2 includes six type 2 latches. Scan chain/path 3 includes 
five type 3 latches and one type 2 latch. Note that in this 
example it was not possible to compose all of scan path 3 
out of the same latch type. This may be due to physical 
proximity, scan chain length limits, or any other overrid- 
ing constraint on the scan path definition. This does not 
destroy the diagnostic value of the method. Because scan 
path 3 is still predominantly composed of latch type 3, a 
failure unique to latch type 3 is still a likely root cause in 
the event of a scan failure, as illustrated in Figure 3. Mix- 
ing the latch content can lower the diagnostic confidence. 



but not always. It does make the analysis more complex. 
It may reduce the critical area, depending on the overall 
design of the chains. Experimental design often mixes 
variables and still can make sense of the results. 

[0024] Figure 3 illustrates scan chains having the same latch 

content optimized cell content as the scan chains of Fig- 
ure 2, with latch specific defects for the first latch 30 and 
the second latch 32 of scan path 3. The first and second 
defective latches of scan path 3 are due to contact under- 
etching in scan path 3. 

[0025] Next consider restricting routing layer usage as a means 
to bias process sensitivity. By using existing methods 
similar to those used to bias clock routing (a clock signal 
from a clock frequently has different arrival times at dif- 
ferent portions of a clock tree on a chip, which can skew 
the clock signals and adversely affect the chip perfor- 
mance, such that it is desirable to design the chip using 
bias clock routing, such as restricting the layer(s)/level(s) 
used to carry the clock signals, to minimize the effects of 
the different arrival times), it is possible to control the 
routing layers used to tie the latches together in a scan 
chain. This allows the scan path to be predisposed to spe- 
cific defects associated with particular layer(s)/level(s). 



Scan chains designed in tiiis way are more sensitive to 
specific process step variations and defects. Tlie resulting 
scan cliains are "tuned"to detect botli l<nown and un- 
l<nown defects associated witli tlieir circuit content and 
critical area. 

[0026] Figure 4 illustrates scan paths using restricted wiring lay- 
ers/levels and shows a biasing scheme which attempts to 
restrict the wiring layers/levels used on each scan path. 
Scan chain/path 1 includes six latches connected in wiring 
layer M2. Scan chain/path 2 includes six latches con- 
nected in wiring layer Ml. Scan chain/path 3 includes 
connections between the first, second and third latches in 
wiring layer M3, and connections between the fourth, fifth 
and sixth latches in wiring layer MB, and the connection 
between the third and fourth latches in wiring layer Ml. 
Note that in this example it has not proved possible to 
route all of scan path 3 on wiring layer/level M3. This may 
be due to routability limitations. Again, this constraint 
does not eliminate the diagnostic capability. 

[0027] Figure 5 illustrates scan chains having the same restricted 
wiring layer content as the scan chains of Figure 4, with a 
wiring layer defect 50 in scan path 1, a wiring layer defect 
52 in scan path 2, and a wiring layer defect 54 in scan 



path 3, in respective wiring layers M2, Ml and M3. Be- 
cause scan path 3 is composed primarily of wiring layer/ 
level M3, a failure on that path, as shown in Figure 5, still 
makes a problem with wiring layer/level M3 a likely root 
cause. 

[0028] The overall methodology of the present invention is as 

follows:!, analyze specific fabrication process sensitivities 
of all latch cells and specific chip layer/level connectivity 
combinations;2. cluster latches into scan chains using a 
combination of the existing location and scan length con- 
straints, with an additional latch type constraint to maxi- 
mize the latch uniformity by scan path;3. optionally opti- 
mize step 2 to better balance scan chain content with 
routability, and other chip design constraints;4. record 
latch type content by scan chain;5. divide subsets of scan 
paths to be routed using restricted levels (this places a re- 
striction only on subsets of a scan chain rather than an 
entire scan chain to balance routability against diagnos- 
ability);6. assign layer subsets to these scan paths;?, route 
these scan paths using restricted layer/level usage rules 
where possible, and relax rules where necessary to ac- 
commodate routability problems;8. optionally optimize 
steps 5-7, scan path subset, and layer/level subset, based 



on routability analysis if needed;9. record chip layer/level 
content by scan cliain;10. analyze scan chain failures for 
clustering by similar content, e.g. if four scan paths are 
failing all with a high content of metal layer/level M4;ll. 
correlate content back to process root cause based on the 
analysis in step 1 to create a list of likely root causes; 12. 
verify likely root cause using standard failure analysis 
methods. 

[0029] The process sensitive scan chain design and test method- 
ology is as follows: 

[0030] 1, assemble a list of latch and chain design parameters 
which are sensitive to process variation or integrity, in- 
cluding layer/level usage = = > which layer/level domi- 
nates latch (for example, considering inter-latch wiring as 
a design parameter, one group of latches might use inter- 
latch wires within dense nestings of surrounding wires, 
while another group might use lone inter-latch wires with 
nothing but fill in the neighborhood),via usage, location 
on chip, scan length, including the latch count and the 
wire length, critical area,redundant vs. non-redundant el- 
ements (i.e. vias), voltage domain, clock domain distribu- 
tion, and latch type; 

[0031] 2. formulate a model of scan chain design based on cur- 



rent state of yield and process integrity, wlierein certain 
latch designs having dominant sensitivities are chosen for 
specific scan chains on the chip: 
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[0032] 3_ provide the model as input parameters to a global 
placement and wiring program used to layout the scan 
chains; 

[0033] 4. analyze test data to determine and isolate systematic 
yield problems denoted by attributes of a statistically sig- 
nificant failing population of a specific scan chain. 

[0034] 5_ An optional step 6 selects a different set of design pa- 
rameters as the technology or the product climbs the yield 
curve and secondary problems become first order as the 
technology or design improves. 

[0035] The process of optimizing the design may be iterative un- 
til a sufficient separation of the design of the scan chains 
is achieved. 

[0036] jhe present invention can be further enhanced by the 

ability to create sub-segments of individual scan chains, 
with each sub-segment having specific design sensitivi- 
ties. 



[0037] Pail probabilities can be extracted using a statistical anal- 
ysis from the passes and fails of scan chains, even when 
those chains are not pure, that is, do not consist of only 
one latch type and do not exist on only one metal level. 

[0038] While several embodiments and variations of the present 
invention for designing scan chains with specific parame- 
ter sensitivities to identify process defects are described 
in detail herein, it should be apparent that the disclosure 
and teachings of the present invention will suggest many 
alternative designs to those skilled in the art. 



